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‘I”lw cent inuing dcwelop]]wnt  of nc w spacecraft tcc?ilwlo~ics promi.scs to e]~ble  the SoIal I’robe to bc t h c
first mission to ttavcd in the atmcwphere or corxnm of the sun. I“hc most significant techl~olc~~y  challcngc
is lhe thermal shield that would protect the s}]acm  aft f’tom the flux of 3000 suns (400 W/ctt) **2) at the
pmihclion  radius of 4 solar radii while allowing the spacecraft subsystems to operate at ]icar rtxm
temperature. Chc of the key design issues of tlw shield is ]mt simply sutvivins but opel sting a t
tempcrat urcs well alxwe 2000K while mininiiz.il~g the sublima lion from the shield surface. Excessive
sublimaticm could cause intcrfercncc  with the plaslna wienm cxpcrimcnts  that arc fundamental to the
Solar I’robe’s scicnt ific object ivcs of nwasuril~g t}w birth and development of the solar wind. ‘1’he
selection of a s~x~cial  tyl>c of carbomcarbon as the s]licld material seams asmrrcd at this tinwt l’w.ts  of
this material i~~ late 1996 were designed to cw~firn] its optical surface propmtics  and maw loss
characteristics and the results arc mcoura~infi. ‘1’hc shield mncepl incorpc)rates dual functions as a
t h e r m a l  shield and as a IarSe hifi’h ~ain a]ltcvln;i. ‘1’ltis latter function is imporiant Iwcausc of the
c]ifficult cc)ltlrllllf\icaliolls environment enmuntmd  witl~ill the solar corona. A  hi@ tmnpwaturc feed
concept under dmwkqmcnt  is discussed hm. ‘1’he NASA guideline requiring non-nuclear power sources
has int rod~:cd  tlw rcquimnmt fc)r alternat iw ]wwcv sources. ‘Ilw current concept u.scs ]Iifih tempera turc
plmtcwoltaic arrays as WC1l as high energy, low mass batteries to provide power durinfi the perihelion
phase of the ]nission, ‘1’cstinc of photcwoltaic rolls at high sun al@cs was complc{cd in 1996 and the
results arc pr csrnted here. IJina]ly,  a n~iniaturiz~’d science payload which relies  on a thr latest
advances in analyzer  and dctcctf}r tcclumlogies will bc devclo~wd to Ininilniz,e  mass and power
rcquircmm~ts.

* ‘1’he rescatch  dc”writx’d in this paper was carried out at the ]ct l’mpulsion Laboralor-y, (California
Institute of ‘1’ecllno]ogy, under a contract with the National Aer(mau[ics  and Space Adl\~inistratiol~.
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Anoihcr  tcchl iology unique to the Solar I’rwbe missiwl is the requirement for high tempera [urc solar
arrays io ] )mvidc fmwcr as C1OSC to ]wri t wlirm as possible (Randolph, 1995,  pp.4 -29), A test in!, program
was initiatec! at JI’I, in 1995 and was su]qmr[ed by Rockwell lnternaticmal (l}urgcr, Mueller, lkb 1996).
When an alray gets close to the SLIII its plane must be aligned or “feat 1 lewd” more arid more closely to be
near]y palallcl  with the spaccuaf[-sul~ line. Jf ihc solar incidence an~lc (SIA) is defined as mlo when
the plane is pcrpcnclicular to the sun line, then whci] the array is mar the SLII I it m(lst lx> fcatl~[’rcd to an
SIA of alnlost 90 degrees to avoid ovcrlmating.  The ]wrformancc of the ~d~olovoltaic cells at these
high angles rllust be understood t{] design the high temperature solar arrays. %ver al C;a As
photovoltaic  cell configurations were tested to dctermilw their performance at large SIAS.

Some data from tlw testing is JJlrblished  here with permission frmn ). l’reb]c of
Rockwell lrltcrnational. Figilrc, 4 is ar~ example of the data (Burger, Mueller, 1996)  from a cell
with no cover glass. I’he plot illustrates the variation in relative ]mwer frmn the cell with
high solar incidence angles. IJoth low (25C’C)  and hi@ tcrnperaturc, (200°C) curves arc showII.
Some ]Jrc]irninal y conclusions can be drawn from these data. C’learly, tlw high ten~peraturcs
callse a si[:llificant reduction in powc’r . 1 lowcvcr,  that cwcm at the extre~ne]y high SIAS show[l
in [Ile fi~~lrc, tl~cre is still a uscablc power mltput. ‘1’hc implicatimi m tllc dcsifin of the hi@~
tclllpcratul  c sol:ir arrays is that higjwr SIAS will br possible and high tcrnlwratuws will be
tolclable.  ‘1’his su~gcsts that the nigh twn]wraturc ar~ays will he cqwratic)]lal  closer to tile sun
allllou[; h Il)m(’ effects have not twen factored into the design of tllc arr.lys at this time.
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A fundamental characteristic of the currwlt Solar 1 ‘robe ccmcc)pt is 11 w st nail size imposed b y the
constraint of a small launch vehicle. “1’hc instruments, also, must be reclllcecl in si~e to be
consistent with this concept. in 1995,  a NASA I<esc)atch Announcement (NRA, 1995) was issued
rcqueslin~  proposals for the ctcve]opmcnt c}f tcclll~ologirs that would lt’acl 10 miniaturized
ins{rumcmts for the Solar ]’robe. In 1996,  six proposals were selected for slutty. ‘J’hc’y ccmsistecl of
two plasma ins[rulnm[  proposals (Sit[lcr, 1996; C’oplan 1 996), tllret, inlaging proposals (q’illc,
1996; Krie~cr, 1996; Kcwend yke, 1996), and one intesratccf instrument pm~msa I (1’. ~’surutani,
1 996). ‘1’he  ~oals of tlwsc proposals arc ctiscusscci below.

Proposed l’lasma  1 nstrument  (:oncepts

An ion and electron plasma itwtrument was proposed that incorporates a unique electrostatic
lllirror/sllicld/t)oolIl  system (cxposecf to direct sunlight) to provide Ilaclir viewing and a steering
lms to allow viewing out of the orbit plane (3-1) capability). It includes top-hat analyzers
~]sillfi a ~M~N]loI~  co]lil~~at~r for tllc ion and electron spectrOnlCtCr’S  along witli a time-of-flight
scc[ion,

The  011 ICJ p lasma ins t rument  crmccq)t to bc ctcvelopccl  also mlploys  a top-hat analymr
ccmfi~,uration. It inmrporatcs  a sated time-of flight technique  for  ion (e.g. 11, I 1};, 0)
conlposition  detcnllinaticm with an Ii/q range fmn I(I CV to 6000 eV. ‘1’he clcctrcm analymr will
Im designed to provide data sucl~ that a 3-1) ctistril)ution ful~ction for clectl ons Over tile energy
range of 5 cV to 3000 eV can be ccmst rutted every 1(1 seconds.

l’roposcd 1 ntaging lnst rument Concepts

A state-of-the-art, Iigllt wci#tt, high resolution soft X-ray telescope concept wa~ selcdect fo]
Cievelopmmlt. It will Iw Clmignrd to ol)lain ill(ap,es of the lowest levels in tl]e ccmma at hi ~h
spatial resolution (angular resolutim) of lwiler than 2..3 scuds of arc at 10 so]ar ra~]ii), ‘1 lIC’
colkccpt employs graz.ins incidm)cc n~irrors  ald X-Idy selwitivc CCl)s.

Also selected was a ccmccpt that would Im two sclmr’ate coronaglap}ts to l)rovide panoralnic
an(l hi~,]~ Icsolutioll  ima~cs of the whi[e li[;ht cmma,  to study its global ald fine scalr



Clw proposal was selected for the investiSati(m of an integrated sensor “systeni” collccpt  1 t
implcmcwts a novel elcct~ica] architecture with ctcdicatcd smsc)r }m’})rocessc)rs. I t s  ])lasma
instrument will be ctesignwt 10 measure 3-I ~ ])laslna clistl ibution func[ions, plasma waves, and
magyelic  fields. “l’l[is concept will also incmpmcltc a visihlc ]lla8~l{~tograpl~, l(,LJV imager,
corona~raph,  and energetic parlicl~ scllsor. Kc’y to this concept is the dcve]o]mwnt  of the
central pmccssor  and the data IIandling  arcl~itccturc necessary to inter face with, ancl ~>rocess,
tl~r multiple sensor outpllt.

‘] ‘}lC’ IC’SLI1 k Of tCChllOIOgy  dCVC]C)}>lWVlt  activitit-s  f (Jr the Solar l’robe in 1996 are vel y
encouraging. l’he carbcri-cadmn test mulls confirln that the current shield design is good at~ct
that a reasonable desi~n ?nar~in exists in the of)tical  properties of the lnaterial. Additional
data regarding the sublilnation rate of carbon. carbon as a function of lnilliufacturillg processes
l~,ill l~e ol>ttlill[,d ill 1997. A IWW  Ccmcept  for the antmll~a  feed system confirms that if a ]li~h
tclnperaturc  coaxial cal)le can bc ctevclcqmt, th(m tllc feccl system can be implemented with no
other tecllno]ogy issues. 3’lw solar ccl] tcstin~ co~lt})letcd in 1996 su~~csts that the lii#l
tcmpcraturc  solar arrays can be taken to a distance cl(mr to the sun than in tlw current nlission
concept. AltlIoLIgl  I tlm il~sirumcnt devclcqxnmt  (c)l tlw Solar l’robe is only beginning, the
proposals received s(i~gest that the new innc)valiv(’ tccliniqucs will si[;l~ificanl]y  reduce illc’
complexity and mass of tlw ]~ayloact  from prcvimls rstimatcs. At this tilnc the work has oI~ly

bCfiLIII and filst rcs~]lts aTe ex]mctecl in 1997.
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